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ABSTRACT  The effect of reducing the external sodium concentration, [Na]o, 
on resting potential, action potential, membrane current, and transient current 
reversal potential in Myxicola giant axons was studied. Tris chloride was used 
as  a  substitute for NaC1. Preliminary experiments were carried out to  insure 
that the effect of Tris substitution could be attributed entirely to the reduction 
in [Na]o. Both choline and tetramethylammonium chloride were found to have 
additional effects on the membrane. The transient current is carried largely by 
Na,  while  the  delayed current  seems  to  be  independent of [Na]o. Transient 
current reversal  potential behaves much like a pure Nernst equilibrium poten- 
tial for sodium.  Small deviations from this  behavior are  consistent with  the 
possibility  of some small nonsodium component in the  transient current.  An 
exact PN,/Pjx  for the transient current channels could not be computed from 
these  data, but  is certainly well  greater  than unity and  possibly  quite large. 
The peak of the action potential varied with [Na]o as expected for a  sodium ac- 
tion potential with some substantial potassium permeability at the time of peak. 
Resting membrane potential is independent of [Na]o. This finding is inconsist- 
ent with the view that the resting membrane potential is determined only by 
the distribution of K and Na, and PN./P~.  It is suggested that PN./PK'S obtained 
from resting membrane potential-potassium concentration data do not always 
have the physical meaning generally attributed to them. 
INTRODUCTION 
Perhaps the single most significant experiment in the voltage-clamp analysis 
of an excitable cell, the one on whose validity all subsequent analysis is predi- 
cated, is current separation. It is by this operation, primarily, that one extracts 
ion-specific currents  (and  hence  conductances)  and,  from these,  physically 
well-defined measures of the driving forces. 
In  view of the  critical  nature  of the current  separation  experiment it  is 
disappointing  that  the  published  data,  chiefly for  choline substitutions,  il- 
lustrating this operation generally contain some substantial ambiguity (Hodg- 
kin and Huxley,  1952  a; Frankenhaeuser,  1962; Adelman and Taylor,  1964; 
Binstock and Goldman,  1967).  It is particularly desirable to resolve such am- 
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biguities when one considers recent demonstrations of substantial ion interac- 
tions  in  excitable  membranes  (Chandler  and  Meves,  1965;  Adelman  and 
Senft,  1966; Adrian et al.,  1968). 
We present here the results of our efforts at current separation in Myxicola 
axons. In these experiments we have not had to attribute substantial unwanted 
effects of substituted ions to a pharmacological action, nor are the data unduly 
confounded by a rapid decline in the vigor of the preparations. 
A  preliminary report describing some of these results has been presented 
(Goldman and Binstock,  1969), 
METHODS 
All  methods are as previously described  (Binstock and Goldman,  1969). As before, 
axons whose  initial action potential amplitude in ASW was not  100  my or greater 
were  discarded.  Tris-ASW  solutions  were  prepared  by equivalent per  equivalent 
substitution  of Tris-chloride  for  NaCI.  Under  the  conditions of our  experiments 
(pH  8.0,  2°C)  Tris  should  be  completely dissociated,  and  no  corrections  were 
made  for  changing liquid junction potentials,  ionic  activity coefficients,  or  series 
resistance  on substitution of Tris-ASW for ASW. When the effects of complete sub- 
stitution of Tris for Na were tested on the electrode system, by coupling the internal 
electrode to the external medium with a 3 ~  KC1 salt bridge, a change in potential 
of only 1.5 mv was detected. In a few experiments, tetramethylammonium chloride 
(TMA)  was substituted for NaC1, also  on  an equivalent per  equivalent basis. All 
data are uncorrected for leak. 
RESULTS 
Sodium Ion Substitutions 
For Myxicola choline chloride seems to be a poor substitute for Nacl (see Fig. 3 
of Binstock  and  Goldman,  1967).  Axons  recover  poorly from  exposure  to 
choline-ASW,  and  there  is  a  substantial effect on  the  steady-state current. 
Somewhat similar findings have been reported on the node (Frankenhaeuser, 
1962),  and Hodgkin and Huxley (1952 a) reported a  10-20% reduction of the 
steady-state current on exposure to choline-ASW. Essentially similar results 
are obtained with TMA. Fig. 2 A  shows the peak transient, (I~), and steady- 
state delayed, (L,), current-voltage, I(V), characteristic for an axon in ASW, 
1~  TMA-ASW,  and  again in ASW.  Note  that the effect of TMA on L, is 
largely reversible, indicating a  specific, i.e. more than just generally deleteri- 
ous, effect of externally applied TMA on L,. 
One use of an impermeant cation substitute for sodium ions is for manipula- 
tion of the  sodium concentration,  ([Na]o),  under  otherwise constant condi- 
tions, e.g.  ionic strength.  It is,  of course, entirely unsatisfactory to accept as 
an ion substitute a  substance which itself has some action on the membrane, 
whether a  specific pharmacological or generally deleterious effect. For Myxi- 
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Fig.  1  shows  the  current  records  obtained  from  the  same  axon  in  ASW 
(top),  ~0  Tris-ASW  (middle),  and ASW  +  5  X  10  -7 ta TTX  (bottom).  In 
Tris the inward current has been eliminated entirely, while I,  is unchanged. 
For the moderate depolarizing steps of this experiment (+60 my), the current 
records in Tris and TTX  are essentially superimposable,  suggesting  that  the 
effect of Tris substitution  is highly selective. 
Fig.  2  B  shows  the  I(V)  characteristic  from  another  axon  in  ASW  (open 
symbols),  ~0  Tris-ASW  (solid  symbols),  and  again  in ASW  (symbols with 
dots). There is a  very dramatic  effect on Ip,  the inward current being elimi- 
nated entirely, while I, is altered very little.  In general,  maximum  inward I~ 
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did  not recover fully after exposure  to  any of the sodium  substitutes  tested. 
However, recovery after exposure to Tris was substantial,  the preparation  of 
Fig.  2  B  showing,  in  fact,  the worst recovery after  Tris  of all  axons  tested. 
Nevertheless,  the action potential  amplitude,  before the first  (ASW) voltage- 
clamp run was  136 mv,  while after the third  run,  again  in ASW,  it was  122 
mv. 
Table  I  summarizes  the results  of Tris  substitutions  for maximum  inward 
Ip  and  I,  at  large  depolarizing  steps.  After  exposure  to  Tris  and  return  to 
ASW the maximum inward I~ was 78.6% of the value for run  1 in ASW (mean 
of six axons). This value compares well with the mean of 87.3% for axons held 
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FmURE  2.  Peak  transient  (circles)  and  steady- 
state delayed (triangles)  current-voltage  relations 
in  Myxi¢ola giant  axons.  A,  ASW  (open  sym- 
bols), 1/~ TMA-ASW (solid symbols), and again in 
ASW  (symbols  with  dots).  B,  ASW  (open sym- 
bols), 9~0 Tris-ASW (solid symbols), and again in 
ASW (symbols with dots). 
(Binstock  and  Goldman,  1969, Table  I),  suggesting  that  exposure  to Tris  of 
itself has very little  deleterious  effect on these  axons. 
The  mean  o70 reductions  in  L8  in  Tris-ASW  solutions,  in  the  presence  of 
TTX,  and  for a  second clamp  run  in ASW only are  6.9~,  3.7t~o,  and  4.3%, L,  GOLDMAN  AND  L.  BINSTOCK  Current  Separation in Myxicola  745 
respectively.  These  values  are  tabulated  in  Table  II.  These  data  do  not 
guarantee  that  there  is absolutely  no effect of reductions  in  [Nal o on/,~,  but 
they do insure that any such effect  is very  small indeed. 
Exposure of Myxicola  axons to Tris-ASW  solutions is  a  procedure  which  is 
not particularly deleterious,  has little or no effect on Is,,  and constitutes there- 
fore a fairly well-defined operation, electrochemically.  The effect of Tris-ASW 
on resting membrane and action potentials is discussed in a  later section. 
TABLE  I 
THE  EFFECTS  OF  TRIS-ASW  SOLUTIONS 
ON  MAXIMUM  INWARD  Ip  AND  I~ 
Reduction  Axon  Test solution  in Ip*  Recovery of lp*  Reduction in 148" 
%  %  % 
68M18  ~  Tris-ASW  74.7  65.0  6.6 
68M22  ~  Tris-ASW  60.0  98.2  -- 17.0 
68M24  ~  Tris-ASW  71.0  71.0  8.8 
68M25  ~i0  Tris-ASW  100  7.5 
68M28  9/~0  Tris-ASW  100  60.8  7.5 
68M47  }i0  Tris-ASW  100  76.7  4.0 
68M48  9/10  Tris-ASW  100  100  7.0 
Mean  78.6  6.9 
* Relative  to  the  value  in run l,  in AS\¥. 
:~ Exclusive  of 68M22. 
TABLE  II 
MEAN  REDUCTION  IN  Iss  IN 
A  NUMBER  OF  TEST  SOLUTIONS  RELATIVE  TO 
THE  INITIAL  VALUE  IN  ASW 
Tris-ASW  TTX*  ASW* 
Mean,  /%  6.9  3.7  4.3 
Range, %  4-8.8  0-13  0-14.5 
No.  of obser-  6  10  4 
vations 
* Data  from Binstock  and  Goldman  (1969). 
Determination of Eu,, 
The  results  of the  previous  section,  confirming  the  effects  of TTX  (Binstock 
and Goldman,  1969),  may be taken by themselves as a fairly compelling indi- 
cation  that Ip is carried  largely  by Na.  This means that the reversal  potential 
for  the  transient  current  should  vary  in  a  predictable  way  with  changes  in 
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FICURE  3.  Voltage-clamped 
current  records  near  the  tran- 
sient current  reversal potential. 
The  numbers  beside  each 
record  indicate  the  displace- 
ment  from  the  holding  poten- 
tial. The straight  appearance of 
the  early  portion  of the  record 
at  +  148  (arrow)  is  taken  to 
indicate  reversal.  On  careful 
examination,  all  records  for 
larger depolarizing pulses show 
an  outward  hump  of  sodium 
current.  Holding  potential, 
--  73.5  mv.  Scale,  0.06  m~/ 
cm  2,  1 msec. L.  GOLDMAN AND L.  BINS'lOCK  Curre~ Separation in Myxicola  747 
Sodium equilibrium potentials  (ENa)  have been determined by noting  that 
potential at which the direction of the transient  current reverses. As it avoids 
arbitrary assumptions about the nature of the leak I(V) relation for depolariz- 
ing pulses,  this method was chosen rather  than  subtracting  the leak current 
from I T and noting  that potential  at which the residual current  (I~a)  is zero. 
A  problem with  the reversal  potential  method,  however,  is  that  as  is  usual 
with the sort of clamp systems now commonly in use  (cf.  e.g.  Narahashi  and 
Haas,  1968),  the current records at times comparable to the peak of outward 
INa when examined at high gains and sweep speeds are never flat. 
Fig. 3 illustrates the actual method by which EN~ was determined.  Current 
records  were  examined  for  command  pulses  well  below  ENd,  usually  at  a 
potential such that there was some absolute inward I T . Command pulses were 
TABLE  III 
COMPARISON  BETWEEN  ENa  AS  DETERMINED  BY 
THE  REVERSAL  POTENTIAL  METHOD  (ENsl~v)  AND  BY 
CURRENT  SUBTRACTION  IN  TTX  (ENsTrX) 
Axon  Trx  concentration  ENaRe  v as command  ENaTT  X as command  voltage  voltage  ENaRev-ENaTTX 
mv  mv  my 
68M33  1  X  10  -7  +147  +144.5  2.5 
68M38  1  X  10  -7  --{--138  +132  6.0 
68M42  5  X  10  -7  -t-132.5  +134  --1.5 
68M43  5  X  10  -7  +143  +137  6.0 
68M44  5  X  10  -7  --I-141  +138  3.0 
Mean  3.2 
then  increased  by  1 mv steps until  a  step was found which  produced  a  de- 
tectable  change  in  the form of the current  record.  This  abrupt  change  was 
usually  quite  subtle.  However,  generally  by one  more  and  always  by  two 
more steps,  i.e.  2  mv,  a  clear  hump  of outward current  appeared.  In Fig.  3 
the  record  at  4151  shows unequivocal  outward  IT,  while  that  at  4145  is 
quite similar in form to those just showing absolute inward IT • The record at 
+  149 also shows a  small very early hump of outward Iz~a while that at  +  148 
is straight at early times  (arrow) rather than with the clear downward curva- 
ture  seen  for  lower depolarizing  steps.  We  take  ENa  in  this  axon  as  +  148. 
Such determinations  are generally unequivocal to  :J:0.5-1.0 my. 
This method of determining ENa was examined by the following experiment. 
In five axons EN~  was determined  as described above. TTX  in a  concentra- 
tion high enough to completely abolish the action potential was then  added 
to the ASW and the currents for a  second series of 1 mv step command pulses 
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TTX  at that same time as the peak of the transient current in the correspond- 
ing ASW record was subtracted  from  the  corresponding  I~.  That  potential 
at which the resultant current crossed the zero current axis was taken as E~,. 
These  results  are  tabulated  in  Table  III.  The  mean  difference  in  E~  as 
determined by the two methods on the same axon was 3.2 my. This is taken to 
indicate  that  the reversal  method  gives a  reliable value for  E~,.  The mean 
initial value of E~,  in ASW was 71  mv  (17 axons) with a  range of from 64.5 
to 77 inv. 
EN, As a Function of [Na]o 
When  the procedures established in the previous two sections were used, we 
could then examine Es.  (reversal method) as a function of [Na] o (Tris substi- 
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FiGures  4.  Displacement  of 
the  transient  current  reversal 
potential (~Na)  as  a  function 
of  the  ratio  of  the  external 
sodium  concentration  in  Trb- 
ASW  to  that  in  ASW  (['Na] 
test/['Na]ASW).  Each  point 
represents  a  single  determina- 
tion.  The  solid line  shows  the 
behavior  of  a  perfectly  selec- 
tive  Na  electrode  at  2"C  (see 
text). 
tution). None of the axons used in this determination was exposed to TTX  or 
to the stress of hyperpolarizing clamp pulses. The shift in E~,  produced by a 
change in [Na] o (AE~,)  was always determined  by bracketing  the EN,  deter- 
minations in Tris-ASW with ASW controls. The bracketing ASW EN, values 
usually  agreed  to  1-3  my  and  in  no  case  differed  by more  than  5  my.  As 
EN,  in ASW was always taken as the mean of the two bracketing values the 
maximum  indeterminacy  in  any case was  2.5  my.  For low Na  solutions re- 
versal  potentials  are generally somewhat more difficult to recognize,  and  for 
values in  9~0 Tris-ASW there is a  further indeterminacy of a  few millivolts. 
In  these experiments  "compensated feedback"  (Hodgkin et al.,  1952)  was 
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of interest  (Fig.  2,  see also Binstock and Goldman,  1969),  and  no systematic 
error should be introduced into the ~Es~ determination  in this way. 
In Fig.  4  ~EN,  is plotted  against  the ratio  of [Na] o in the Tris solution to 
that  in ASW  (log scale).  Each  point represents  a  single EN,  determination. 
The data are pooled from  12 axons.  The solid line is drawn  according  to 
R T  [Na]  ,+,t  ( 1 ) 
zM~a  =  -~- log, [Na] Asw ' 
where R,  T, and F  have their usual significance. This is the behavior expected 
for a  perfectly selective sodium electrode at 2°C.  The solid line clearly has  a 
high predictive value. The mean deviation of all experimental points from the 
solid line for Tris solutions is only 2.3 my. 
In Fig.  5  these data are plotted  as absolute ENa  against  [Na]o  (log scale). 
The circles represent means and the brackets,  total range of variation of Esa 
at each [Na] o. No correction has been made for changes in E~  in ASW during 
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I  I  I  t 
20  45  90  200  450 
[NO]o(mM) 
Fmums 5.  Absolute transient  current  reversal potential  as a function of the external 
sodium concentration.  The  values indicate  means, and  the  brackets,  total  range  of 
variation.The  solid line shows the behavior of a perfectly selective Na electrode at 2°C, 
normalized to the value in ASW (see text). 
the course of the experiment.  The solid line is drawn according to 
RT  [Na]o 
EN,  =  "-F-  log+ [Na],  ( 2 ) 
where [Na]+ is the internal  sodium concentration.  This is the prediction for a 
perfectly selective sodium electrode,  now arbitrarily  normalized  to the value 
in ASW.  Again,  the solid line  has  substantial  predictive value.  The possible 
significance of the small deviation at 43 m_~ Na and of the fact that the small 
error in Fig. 4  is systematic, i.e. generally to one side,  is discussed below (see 
Discussion).  If I T is taken as a  pure sodium current  and  the ratio of internal 75  °  THE  JOURNAL  OF  GENERAL  PHYSIOLOGY  •  VOLUME  54  "  z969 
to external activity coefficients for sodium is  taken as unity,  then the mean 
[Na]i is 21.4 rnu. 
Effect  of [Na] o on Resting  and Action Potentials 
In 9~0 Tris-ASW the action potential is completely abolished. The progressive 
decline in the action potential amplitude on exposure to Tris-ASW was always 
accompanied by an increased threshold. A  progressive increase in action po- 
tential threshold was also observed on exposure to TTX,  but in neither case 
was it followed systematically. Similar findings have been reported on squid 
axon  (Guttman,  1968). 
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FzotmE 6.  Potentials at the peak of the action potential (top) and at rest (bottom) as a 
function of the external sodium concentration. The values in ASW indicate means and 
total  ranges  of variation.  All other  symbols indicate a  single determination. The solid 
line shows the behavior of a  perfectly selective  Na  electrode at  2°C, normalized to  the 
ASW value (see text). The means are taken from 65 axons (action potential) and 58 axons 
(resting membrane potential). 
Fig. 6  (top) shows the effect of lowering [Na] o on the potential at the action 
potential peak. Except for the point at 430 mM (ASW), each point represents 
a  single  determination.  For  ASW  the  circle  represents  the  mean  and  the 
brackets,  total range of variation.  The solid line is  the prediction for a  per- 
fectly selective sodium electrode,  arbitrarily normalized to  the ASW value. 
The solid line has good predictive value only for relatively small perturbations 
in [Na] o,  the points falling faster than expected for large reductions. This is 
the sort of behavior expected for a  sodium spike with some substantial con- 
ductance for potassium at the time of peak  (Hodgkin and Katz,  1949; Baker 
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Fig. 6  (bottom) also shows the effect of reducing [Na] o on the resting mem- 
brane potential. Except for the ASW value which indicates the mean and total 
range  of variation,  each point  represents  a  single  determination.  Resting 
membrane potential is clearly independent of [Na] o. 
DISCUSSION 
The experiments described in the first section under Results indicate that the 
effects  produced  in  Myxicola axons  by  Tris-ASW  may  be  attributed  en- 
tirely  to  the  reduction  in  [Na]o.  Moreover,  the  effect of  sodium  on  the 
membrane currents is highly selective, being confined entirely to the transient 
current component and having no effect on the delayed current. The transient 
current is carried at least very largely by sodium ions.  Correspondingly, the 
action potential behaves like an ordinary sodium-spike; i.e.,  there is no indi- 
cation from our experiments of any contribution to the depolarization phase 
from some other ionic component, e.g. Ca (Geduldig and Junge,  1968). 
For moderate depolarizing steps the effects of Tris substitutions and TTX 
on the membrane current are identical. For large depolarizing steps, of course, 
outward sodium current persists in Tris. In order to obtain separated sodium 
and  delayed currents  we  recommend, therefore,  the  simpler  procedure of 
pharmacological removal of the sodium current. Kinetics of the sodium and 
delayed currents will be the subject of a later report. 
In  Myxicola Ez~  behaves  much like  a  Nernst  equilibrium potential  for 
sodium (Figs. 4 and 5). Similar results have been obtained on squid (Hodgkin 
and Huxley, 1952 a; Moore and Adelman, 1961), node (Dodge and Franken- 
haeuser,  1959),  and lobster  (Julian et al.,  1962).  The results presented here 
have been obtained with sufficient care and replicated a sufficiently  large num- 
ber of times that serious attention may be given to small discrepancies between 
theory and experiment. Note in Fig.  4  that  although the deviations of the 
points from the solid line are small, they are consistently in the same direction, 
except for the values in  ~0 normal [Na]o which are not highly reliable. This 
is the sort of behavior to be expected if some small portion of the transient 
current were carried by an ion other than Na, e.g. K  (Chandler and Meres, 
1965).  This expectation cannot,  of course, be quantified further from these 
data,  i.e.  by computing a  sodium to potassium permeability ratio  (PN,/PK) 
from the constant field equation (Goldman, 1943; Hodgkin and Katz,  1949), 
as the relationship between P•,/PK  and the displacement in millivolts from 
the theoretical line is too steep for such small displacements. 
The possibility of a  nonsodium component in the transient current is also 
not ruled out by the data presented in Fig. 5. The values at 43 rn~ [Na] o do 
deviate from the solid line. However, recall that the Es~  values obtained in 
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transient current, then the data of Fig. 5 should be described by 
R T  [K]o a  t- P~/Px [Na]o 
ER~,, =  -if- log, [K], -t- PNa/PK [Na],  (3) 
Note that for any very large PNa/PI~, e.g.  10 or greater, equation  (3) will be 
a  straight line indistinguishable  from the solid  line of Fig.  5  down to quite 
low [Na] o, easily to 43 rn_u. The larger PNa/PK (i.e.  the less  the actual value 
of [Na] d, of course, the wider the range of concentrations over which equation 
(3)  superimposes with the solid line of Fig. 5.  For intact axons,  therefore, in 
the  absence  of exact values  for  the  internal  sodium  activities,  P~,/PK  can 
only be at best approximately estimated from EN,  in very low [Na] o • Basing 
such  estimates,  however,  on  determinations  of such  an  equivocal  nature, 
experimentally, does not seem justified. Very reliable estimates of PN,/PK for 
the  transient  current  channels  require  internal  perfusion  (Chandler  and 
Meves,  1965). These results establish only that the transient channels do show 
sodium selectivity, with a PN,/P~ probably substantially greater than unity. 
However, if we assume that the ratio of the internal to the external activity 
coefficients for  sodium  is  unity,  then  certain  conclusions  follow.  Goldman 
(1968), from the effects of external potassium on the resting membrane poten- 
tial estimated [K]~ in Myxicola axons as 340 raM. If we take [K]~ as only 300 
mu and use the Chandler and Meves value of 11.5 for P~,/PK in the transient 
channels, then, using the experimental values for }4o normal [Na]o, there can 
be no internal sodium. For only 10 mM [Nail,  [K]~ drops to 225 raM, indicat- 
ing, of course, that a P~,/PK of 11.5  is much too low and that the  transient 
channels  in  Myxicola are  substantially  more  selective  than  those  in  squid. 
However, these estimates should not be pressed considering the tenuous nature 
of  the  assumption  that  the  activity  coefficient for  sodium  in  axoplasm  is 
identical to that in ASW. 
One further comment on the reversal potential vs.  [Na] o data may be made. 
Although  not  explicitly stated,  a  fundamental  assumption of the Hodgkin- 
Huxley (1952 b) analysis is that the currents obtained under a voltage-clamp 
pulse are generated by constant batteries  and variable conductances rather 
than the converse or some mixture of the two. A  single completely compelling 
line of evidence on this issue is difficult to produce, but an experiment in which 
currents vary in a predictable way with alterations in the presumed battery is 
suggestive. The fairly extensive values reported here may be taken as a careful 
test of a requirement of this assumption. 
The resting membrane potential in Myxicola axons is independent of [Na]o 
(Fig.  6,  bottom).  Identical  results  were  obtained  on  choline  substitution 
(Goldman,  1968).  However,  Goldman was  able to well describe the resting 
membrane potential vs.  [K] o relation by an expression of the type of equation L.  GOLDMAN AND L.  BINSTOCK  Current  Separation in Myxicola  753 
(3),  with  the  PNa/PK constant  and  equal  to  0.03.  The  resting  membrane 
potential should hyperpolarize by about 20 mv in Na-free ASW. 
These findings cannot be attributed to changes in liquid junction potentials 
(Mullins and Noda,  1963). Nor, since there does not seem to be any appreci- 
able leak through cut branches  (Binstock and Goldman,  1969),  is there any 
reason to expect that resting membrane permeability to Na, choline, and Tris 
should all be identical. Similar findings have been reported on other prepara- 
tions (Geduldig and Junge,  1968; see Goldman,  1968,  for a  summary). This 
independence of [Na] o and resting membrane potential would seem then to be 
not artifactual but real,  and a  P~a/PK obtained by fitting an expression like 
equation  (3)  to the resting membrane potential vs.  [K]o relation may not in 
fact have the physical significance generally attributed to it. 
Note Added in Proof  Since this paper went to press the work of Gilbert and  Shaw on 
cation analyses of Myxicola axoplasm  has appeared.  These authors found K  and Na 
concentrations of 322  mmoles/liter  fiber  H~O  and  23  mmoles/liter  fiber  H20,  re- 
spectively.  These values compare  well with  those estimated  from electrical  measure- 
ments: 340 mM (Goldman,  1968) and 21.4 mM (this paper).  The latter estimates were 
obtained  on the assumption  that  the activity coefficients for Na and  K  in axoplasm 
are similar to those in seawater.  For Na,  the close agreement with the direct,  chemi- 
cal determination  indicates  that  the  transient  channels  in Myxicola axons show sub- 
stantially more Na to K  selectivity than the perfused squid axons studied by Chandler 
and  Meves  (1965)  (see  Discussion).  Gilbert,  D.  S.,  and T. I. Shaw.  1969.  Extrusion 
and perfusion of the giant nerve fibre of Myxicola. J.  Physiol.  (London).  204:28P. 
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